This study was designed to test and extend previous reports of differences in autonomic responsivity between offspring of schizophrenic patients and control subjects. In specific, greater galvanic skin response (GSR) to stimuli and quicker GSR recovery have been reported in high-risk children. In the present study we found no evidence of autonomic hyperactivity, as evidenced by GSR to tones, in high-risk as compared to control subjects. There was some trend for index subjects to show slower GSR recoveries than control subjects, which is opposite to findings from earlier studies. Subjects were also presented with the Information Detection Test, in which GSR responses to emotionally meaningful vs. neutral stimuli were compared. Index children were less reactive than control subjects to the meaningful stimuli, and they discriminated between meaningful and neutral stimuli more poorly. Our findings do not confirm the learning theory of schizophrenia suggested by Mednick, but do suggest that developmental lags in high-risk as compared to control children may contribute to the psychophysiological differences that we found. 
A number of recent research projects directed at the etiology of schizophrenia have been based on the study of children at risk, and thus can be categorized as developmental, prospective, and longitudinal (Garmezy and Streitman 1974 
Methods
Instruments. A constant current (20 fiA) galvanic skin response (GSR) apparatus coupled to a Brush (Mark II) recorder was used in the psychophysiological recording with Beckman low movement artifact electrodes (Lieblich, Kugelmass, and Ben-Shakhar 1970). In the recording of reaction time, the stimulus tone activated a Stoelting electrical timer, which was stopped by the subject's pressing on a push-button key.
All the stimulus tones were presented to the subject sitting in the testing room through Telex MR-6 earphones from the standard experimental tape. A 1,000 cycle sinusoidal tone was used during the measurement of the threshold by a reduced and modified method of limits. The 1-second test tones of 1,000 cps and 2,000 cps were delivered at 70 decibels above this threshold determination. A loud (90 decibels above threshold), unpleasant, rasping sound was presented as the surprise stimulus at the end of the experiment. Only the lists of name stimuli used in the Information Detection Test were specifically prepared for each individual.
Following the basic preparation, which was designed to allow for the standard recording of GSRs to various experimental stimuli, a series of different tasks was presented with brief rest periods between them. Habituation I. The child was instructed to sit quietly while listening to a series of tones to be presented. This series included ten 1,000 cps 1-second tones followed by one 2,000 cps tone, which was in turn followed by three more 1,000 cps tones. These stimuli were interspersed with a randomly determined set of intervals of silence varying from 13 to 27 seconds. GSRs to each of these tones were measured and compared in order to evaluate the changes in autonomic reactivity.
Information Detection Test. This task attempted to evaluate the differential autonomic reactivity of the subject to his own name as compared to other same-sex names. The child was told that he would be asked a series of questions about his name. He was requested to answer "No" to each and every question which took the form of "Is your name 7" even when his own name was specifically mentioned. In the first part of the detection task, the series of questions included the subject's name placed among five other "neutral" names, i.e., names that had no known personal significance to the subject. The second part of the task, which followed after a brief period of time, involved a second group of five names in addition to his own that had been chosen from a list of samesexed close friends and relatives. At least 10 seconds separated each of the questions, which were presented twice for each name in a scrambled manner (Lieblich, Kugelmass, and Ben-Shakhar 1970; Lieblich 1971) . The first name used in each sequence of questions was a buffer name to control for the GSR to the mere beginning of a stimulus sequence. The response to this name was not used in the subsequent analysis. The "same" questions in both parts of this task were read to the subject by an assistant who was ignorant of the subject's actual name. The GSRs to each of these questions were measured in order to compare the responses to the subject's name with the responses to the other names. It was expected that there would be more of a differential in the GSRs in the first part of the task, where there was a high contrast between the subject's own name and the other neutral names, than in the second part, where the other names were of personal relevance (low contrast).
Habituation II. The child was again instructed that he would hear more of the same tones through his earphones. This time, however, he would be asked to respond to each of them by pressing on a cylindrical push-button key with the thumb of his dominant hand as quickly as possible. He was given some time to practice the response by himself. The same series of tones as had been previously presented in section I was now presented again, and the subject was urged to react as quickly as possible to each of the tones.
Word Association Test. Several series of stimulus words were presented to the subject who had been given specific instructions about the appropriate form of response to use to each series. This section of the experiment will be reported elsewhere.
Unpleasant Stimulus. The subject was told that another series of tones similar to the previous tones would now be presented, and that he was to sit quietly and listen. Following three of the usual 1,000 cps tones, the unpleasant stimulus appeared somewhat as a surprise. The whole experimental procedure took from 60 to 70 minutes, depending on the duration of the short recesses between sections.
Results
The basic psychophysiological indices scored for all of the individual records included the measures described below:
Conductance level. Conductance level was obtained by the direct reading of the individual's skin resistance at a given time which was transformed into conductance units of fimho.
Galvanic skin response (GSR). The
GSR was defined as the maximum drop in skin resistance which took place within 6 seconds following the presentation of a given stimulus (in (imho).
GSR latency. GSR latency was the time in seconds between the onset of a given stimulus and the beginning of the rise in skin conductance to that particular stimulus.
Recovery rate. This measure described the rate of return of skin resistance to baseline after a response to stimulation. A reciprocal was calculated of the measure used by Edelberg (1970) ; i.e., the time taken to attain 50 percent recovery from the peak of the responses as measured in seconds.
Number of nonspecific GSRs. Skin resistance drops (of at least 250 ohms) that took place during the experiment during periods of nonstimulation were defined as nonspecific GSRs.
GSR standard scores. Because of the very large individual differences in both average value and range of GSRs, the GSR values for each individual were transformed into standard scores based on the entire population of his GSR responses during the whole experimental procedure. The standard scores seemed to be particularly appropriate for use in comparisons of GSR differential reactivity involving more than one GSR for each subject (Kugelmass 1972) .
Reaction time (RT). RT was measured in .01 second read directly from the Stoelting electric timer.
One group of such indices was related to what may be considered general aspects of psychophysiological reactivity. These indices included the following:
1. The mean level of initial skin conductance-the mean of three skin conductance values taken (randomly) during the 3-minute period before any of the experimental stimuli were presented (fimho).
2. Skin conductance variability-the standard deviation of 10 skin conductance values taken at different times over the course of the entire experiment (janho).
3. Mean skin conductance-the means of the above-mentioned 10 skin conductance values (pmho). 4. Mean GSR responsivity-to the first 10 tones in the Habituation I series (/jmho).
5. Mean GSR latency-to the first 10 tones in the Habituation I series (seconds).
6. Rate of nonspecific GSR responses-the number of nonspecific GSRs per minute calculated for the entire experimental period (number per minute).
7. Mean RT-to the series of tones in Habituation II (seconds).
8. RT variability-the standard deviation of the RT values in Habituation II (seconds).
9. Mean recovery rate of the series of tones in Habituation I (seconds).
10. Mean recovery rate of the series of tones in Habituation II (seconds).
The data of the 10 indices are summarized and presented in table 1. Only 3 of the 30 t tests were significant at the .05 level. The one significant Ti difference between the index and control subjects appeared in the mean recovery rate of the Habituation I series. This difference indicates a longer time to reach GSR recovery in the index than control cases, a finding opposite in direction to that reported by Mednick and Schulsinger (1968) . The results of the Habituation II series also were in contrast to those reported by Mednick and Schulsinger (1968) , but were not significant. The one significant T 2 difference between the kibbutz and city subjects in rate of nonspecific GSRs suggests less reactivity in the kibbutz sample. This may be seen in the one significant T 3 interaction where the kibbutz index group has longer GSR latency than the other three groups. If we take these very few significant findings as a whole, they suggest less psychophysiological reactivity in the index group of subjects, which would be contrary to the findings of Mednick and Schulsinger (1968) . A more conservative approach would suggest no important difference between the groups.
A second group of indices was developed which focused on GSRs to particular tones, or to the comparison of GSRs to one class of stimuli with those of another class of stimuli, i.e., specific and differential psychophysiological reactivity. To minimize the effect of very large individual differences in GSR reactivity, all the GSR amplitude values were transformed into standard scores based on all the GSRs made by a subject throughout the experiment. An arbitrary mean of 10 and a standard deviation of 3 were set. Thus, standard score = (GSR -mean GSRs) X 3 + 10 SDGSRs One subset of these indices related to the process of the habituation of the orienting response to tones in the Habituation I test. The data are presented in table 2:
1. GSR orienting response (OR) to the first tone in Habituation I (standard scores).
2. Amount of GSR Habituation I -GSR reaction to the last tones minus GSR reaction to first tone in standard scores.
3. Speed of GSR Habituation Iserial number of tone that meets habituation criterion (the second of two successive GSRs that were 20 percent or less than the GSR to the first tone).
4. OR recovery-the GSR to the 2,000 cps tone (standard scores) in the Habituation I series.
5. GSR reaction to the unpleasant stimulus at the end of the experiment (standard scores). 6. GSR recovery rate to the unpleasant stimulus at the end of the experiment.
GSR standard scores were used in indices 1, 2, 4, and 5 in which GSR amplitudes were transformed into standard scores based on all the GSR responses of the subject in the experiment with an arbitrary mean of 10 and a standard deviation of 3.
The t tests were then carried out on the means of the standard scores.
As may be noted in table 2, there were no significant differences between index and control subjects or city and kibbutz subjects, and there were no significant interactions in any of the differential or specific GSR reactivity indices.
Another group of GSR indices was developed to measure the effect of the RT task on the GSR reactivity of the subjects. It would be expected, according to Sokolov (1963) , that higher GSR reactivity and slower habituation of the GSR responses should take place during the Habituation II series in which the subject was required to respond to the tone by pressing on the RT button (Zahn, Rosenthal, and Lawlor 1968). Five indices were therefore constructed in Examination of table 3 indicates that there tended to be higher GSR reactivity and slower GSR habituation when the RT task demand was introduced in the Habituation II series, a conclusion that is in line with previous studies. There were no systematic differences in these effects, however, among the different subgroups of the present research.
The Information Detection Test involved the presentation of two different series of name stimuli to the subject during psychophysiological recording. The analysis of interest within each of the series is the relative strength of the GSR response to the subject's own name as compared with the strength of his GSR response to the other names in the series. It would then be of interest to compare the subject's name with other names of no emotional significance to him, while the second series contains other names with strong personal relevance.
Previous research using the Information Detection Test has drawn upon some of the concepts and procedures derived from signaldetection theory (Lieblich, Kugelmass, and Ben-Shakhar 1970). Two basic indices of differential GSR reactivity were used for the analysis of these data. The first index divides the mean GSR response to the subject's own name ("signal") by the mean of his GSR responses to the other names in the series ("noise"), thus providing a signal-to-noise ratio for each subject in each series. The second index divides the mean GSR response to the subject's own name ("signal") by the highest mean of GSR response to any of the other names ("maximum noise"), thus providing a signal-to-maximum noise ratio. Both these indices are calculated after the GSR scores have been transformed into standard scores for every individual. These two ratio indices were computed for each of the two series. To evaluate the differential effect of the two series, two other indices were calculated for each individual in which the signal-tonoise ratio and the signal-tomaximum noise ratio of the low contrast series (relevant names) were subtracted from the respective ratios of the high contrast series (neutral names). These indices were computed for each of the subjects, and then the usual group analyses were carried out using quadron t tests. The one t test reaching statistical significance is the comparison of index and control groups in which there is a differential effect of the two different series of names in the signal-to-maximum noise ratio. The means (± SD) for this ratio are: IK = .017 ± .17; CK = .13 ± .27; IT = .04 ± .22; CT = .13 ± .24; Tj = -2.27, p < .05. The parallel result of the signal-to-noise ratio index is in the same direction but is not statistically significant. Research workers using signaldetection theory present their data graphically, an approach that would seem to be of use in attempting to evaluate this finding. This graphic presentation was developed to determine the likelihood of correctly identifying signals appearing in noise over the total range of the amplitude of the stimuli involved. The Receiver Operating Characteristic curve (ROC) that is drawn up is another index of the differentiability of the GSRs to the person's own name as compared to the other name in the series. An advantage of such a curve is that one can see the result of the comparisons over the whole range of the signal and noise. The greater the differential between the signal and noise GSRs, the higher the curve above the diagonal. Figure 1 presents the four ROC curves for the index and control groups in both the high and low contrast series of the test.
Inspection of these curves indicates that the highest differential GSR to one's own name was obtained by the control group in the high-contrast condition, and the lowest differential GSR was obtained by this same control group in the low-contrast condition. The index group, on the other hand, showed less differential GSR in the high-contrast series, but more differential in the low-contrast series. The significant difference found in the quadron t test would thus reflect the combined results of differences between the groups in the two different name series. 
Discussion
The four different groups of children in this research project were compared using a large number of different GSR indices that would be expected to reflect the basic characteristics of autonomic activity related by Mednick (1958) Given such an array of findings, which included a broad range of GSR reactivity indices, one may conclude that there is not a basic difference in the response system in these index or high-risk children. There may not even be any difference in overall general states conceptualized as activation or anxiety. The one finding in this study that may suggest another level of analysis is the differential GSR reaction to the subject's name in comparison to other names. The data suggest that the index cases may be relatively less reactive to both their own names and those of significant family and friends. This finding need not involve a basic difference in the response system or in overall state. It may be related to differential attention or involvement. Differences in attention have been described in similar comparisons by Rutschmann, Cornblatt, and Erlenmeyer-Kimling (1977) and Asarnow, et al. (1977) . Such differences might also be conceptualized at a higher, but more general level of ego differentiation. The most theoretically conservative statement would be that the index children tend to respond in a less mature way, and this interpretation is in keeping with other claims of possible immaturity such as proposed by Herman et al. (1977) .
